adenocarcinomas have been described in captive monkeys (Ratcliffe, 1930; Fox, 1931) . No cases have been reported from the London Zoo and none are listed by Jungherr (1963) . As yet no reports of exocrine or islet tumours have emerged from the increasing number of laboratory colonies of various species of monkey nor from the newly established primate centres in the United States.
Man.-The best review of pancreatic neoplasms in man is that of Frantz (1959) . Benign tumours of exocrine origin are usually cystadenomas. Acinar adenomas are exceedingly rare if they occur at all (Glenner and Mallory, 1956) . The commonest tumour is an adenocarcinoma of exocrine tissue. Bell (1957) reported an incidence of 1.23% in 33,367 males and 1.10% in 15,531 females over the age of 40 years. If only deaths from carcinoma were considered in this age group, the incidence was 5.5% for males and 4.3% for females. The head of the pancreas was involved in 59-1 % of the cases, the body in 18-2 %, the tail in 7-4 % and the whole organ diffusely in 15 3 %. Frantz was unwilling to give figures for islet cell tumours because of the ease with which they may be overlooked but quoted Korpa'ssy's figure of 4 in 500 autopsies in which the pancreas was studied specially. Frantz emphasized the difficulty in assessing the malignancy of islet cell tumours because the histological evidence of invasiveness is not always correlated with the biological behaviour of the tumour.
Lagomorphs
Rabbit.-Only one rather doubtful case of pancreatic tumour has been reported in a rabbit in which a carcinoma surrounded by coccidial cysts was found in aii 83 accessory pancreas in the mesentery (Petit, 1909) . This case was accepted as an adenocarcinoma by Fardeau (1931) who reviewed 73 cases of spontaneous tumours from the literature. No further pancreatic tumours have been reported since (Lombard, 1962) .
Rodents
Golden or Syrian hamsters.-The overall incidence of spontaneous tumours in the golden hamster has varied greatly from one report to another. Ashbel (1945) found 13 spontaneous tumours in 1000 individuals. Kirkman (1962) reported an incidence of tumours of all sites of 11-3% in 7200 animals with a 0-03 % incidence of exocrine adenocarcinoma and a 0 04 % incidence of non-metastasizing tumours of islet origin. Dunham and Herrold (1962) noticed an occasional islet cell adenoma in old laboratory hamsters used in tests for carcinogenicity where negative results were obtained. Fortner (1957) reported 46 tumours in 301 animals (15.30%) but in 1961 increased this figure to 81.9%0 in 94 untreated males and 60 9% in 87 untreated females. In these 181 animals there were 3 benign exocrine tumours of ductal origin, 1 adenocarcinoma and 6 islet cell tumours. The incidence was lower in 22 males and 23 females that had been castrated when young but sexually mature.
We have been able to study 7 pancreatic tumours from the golden hamster by kind permission of Dr. F. C. Chesterman of the Imperial Cancer Research Fund. In 4 instances we were able to make out an exocrine origin and in 1 instance an islet pattern in the tumour or its metastases. In the remaining 2 cases the cells were of epithelial origin but bore no clear evidence of the parent tissue nor were special stains helpful. This state of affairs is quite unlike our experience with rats in which the distinctive morphology of the normal islet was present in a grotesque but recognizable form in the islet cell tumours.
Chinese, grey or striped hamster.-This animal has not been used as extensively in research as the golden hamster and reports of pancreatic tumours are correspondingly rare. Poel and Yerganian (1961) reported an adenoma of the exocrine pancreas in a diabetes-prone strain of hamsters. The authors pointed out that a statistical association exists between carcinoma of the pancreas and diabetes in man but did not correlate this observation with the degree of islet cell replacement by tumour. Also, they produced no evidence that the hamster tumour-bearers were themselves suffering from diabetes. Carcinoma of the pancreas was found in progeny of this same stock bred at Harwell in Dr. C. E. Ford's cytogenetic unit at one time but the incidence has fallen in recent years (Ford, 1966 ; personal communication) .
Rat.-A preliminary review of pancreatic tumours in the laboratory rat has been published elsewhere (Rowlatt, 1966) and a full account of the lesions in 10 Chester Beatty strain rats is in preparation. We believe that exocrine adenomas are probably commoner than the small number of reports in the literature suggests. The same is probably true of islet cell adenomas as shown by the large number of these tumours in untreated animals examined by Rosen, Castanera, Kimeldorf and Jones (1962) who were particularly interested in the pancreas and gave it special scrutiny.
Although some of the animals listed in the tables were used in experiments, the various agents to which they were exposed were not thought to have induced the 84 TUMOURS OF PANCREAS IN MAMMALS tumours. The exception to this is the work of Hendry, Matthews, Walpole and Williams (1955) who took the view that a high yield of tumours in several organs including the pancreas in 23 rats was related to subcutaneous injection of 4'-fluoro-4-aminodiphenyl in arachis oil. The irradiation experiments of Koletsky and Gustafson (1955) , Berdjis (1960 and , Rosen, Castanera, Jones and Kimeldorf (1961) and the same team in 1962 and Warren, Carlstein, Steinke and Chute (1964) may have induced islet cell tumours.
Mouse.-All types of pancreatic tumours are rarer in mice than rats. As in the rat, the islet cell adenoma described by Upton, Kimball, Furth, Christenberry and Benedict (1960) Blumenthal and Rogers (1965) . None were in the pancreas.
Other rodents.-A pancreatic adenocarcinoma in a marmot (woodchuck) was reported without histological details from the London Zoo (Plimmer, 1915) and is the only tumour of this organ in the Zoo's records. A review of 25 tumours in 106 Mongolian gerbils, a rodent species relatively new to research, showed an 8.0% incidence of non-metastasizing islet cell tumours (Benitz and Kramer. 1965) .
Carn ivores
Dog.-Hyperplastic nodules without increase in size of the pancreas as a whole have been described in dogs (Moulton, 1961) . Baumgartner (1929) found multiple nodules varying from the size of a pinhead to that of a pea in 85 % of dogs between 7 and 20 years of age. He regarded these nodules as a normal ageing change without clinical significance.
True adenomas have been reported several times, usually without histological description, with the exception of 9 tumours reported by Schlotthauer and Millar (1955) , 6 of which were said to have been of ductal origin. The tumour said by De Kock (1962) to have stained paler than the surrounding pancreas may have been of islet cell origin.
The commonest tumour of the dog pancreas is an exocrine adenocarcinoma. If all neoplasms are included, the incidence of pancreatic carcinoma has been given as 0)36% (Cotchin, 1959) , 0.540o (Kronberger, 1960) or 0)530o (Howard and Nielsen, 1965) . Uberreiter (1960) and Machado and his colleagues (1963) give the lower figures of 0-09 % and 0-050o respectively but Stunzi and Lott-Stolz (1965) report an incidence of 1.880% of all tumours in their material. If only carcinomas are considered, the figure is 1.32% (Stiinzi, 1947) , 1-34% (Schlotthauer and Millar, 1955) or 2.05% (Krook, 1954) .
The tumour is usually scirrhous and arises more commonly in the midportion (or head) than in either the duodenal or splenic (tail) branches. Because of the anatomical association of the head of the pancreas with the terminal part of the bile duct, obstructive jaundice and biliary cirrhosis may complicate the usual clinical picture of pain, wasting and a palpable mass in the abdomen. Similarly, the portal vein or its branches (or even the posterior vena cava as in Nocard's case) may be compressed, with resulting ascites. Ascites may also be caused by multiple peritoneal seedling deposits as in the dog described by Rudduck and Willis (1938) . Occasionally, the animal may present with sigins related to a distant metastasis as in the dog with spinal cord compression described by Cello and Olander (1963) . In discussing the pathogenesis of pancreatic adenocarcinoma, 85 U. ROWLATT Stunzi and Suter (1958) stated that it is usually agreed that such tumours are derived from the duct epithelium but they gave no corroborating details.
Islet cell tumours are rarer than those of the exocrine pancreas but are of greater importance because of the constitutional effects, particularly on the central nervous system, if the tumour is insulin-secreting (Krook and Kenney, 1962) .
The tumour may be solitary or multiple and arises more frequently in the duodenal branch than elsewhere in the pancreas (Grant, 1960) . Hypoglyeaemic attacks present as periodic epileptiform convulsions, weakness, ataxia and fainting associated usually with fasting or exertion (Cello and Kennedy, 1957; Hansen and Krook, 1958) . Blood sugar levels of 30-40 mg. % have been reported during an attack. Such attacks are relieved temporarily by glucose or permanently by surgery (Runnels, Monlux and Monlux, 1960; Justus, 1963; Wilkinson, 1964) if operation is performed before metastasis has occurred.
Cat.-Reactive hyperplastic nodules have been described in cats by Hjarre (1927) and Lombard (1936) . Many fewer cases of true benign or malignant tumours of exocrine or endocrine origin have been reported in cats than dogs but fewer animals have been examined. Adenocarcinoma arises more often in the head than in the tail of the pancreas. Biliary cirrhosis has been reported by Ball and Roquet (1911) , Mann and Brimall (1917) and Stunzi and Suter (1958) , and ascites due to extensive lymphatic obstruction by Scott and Moore (1927) . Metastasis to the liver is common (Cotchin, 1959) . There appear to have been no reports of hypoglycaemia due to functioning islet cell tumours in cats.
Other carnivores. It is curious that pancreatic tumours have been described in six out of the seven families of carnivores, the exception being the hyaenas, from which group only a few individuals have been examined. An adenoma in a fox and an adenocarcinoma in a jackal have been described in wild canids (Fox, 1923 and . The viverrids are represented by a mongoose with multiple exocrine adenomas (Fox, 1933) and a palm civet with a carcinoma of the head of the pancreas (Fox, 1923) . Two exocrine adenomas in a raccoon are the only tumours reported in procyonid carnivores (Fox, 1923) . Two cases of exocrine tumour have been described in mustelids (both in ferrets), one being an adenocarcinoma (Chesterman and Pomerance, 1965) and the other an adenoma found incidentally in an enlarged but otherwise normal pancreas (Chesterman, 1965, personal communication) . Three exocrine adenocarcinomas have been described in bears, one in a Siberian bear (Ratcliffe, 1957) and two in Kodiak bears (Kresky and Barnett, 1939; Goss, 1942) . The last pair of animals were caught on Kodiak Island as cubs and shared the same cage in the New York Zoo for 31 years. Both died from their pancreatic tumours and were found to have identical metastases. Dorn (1964) has reported carcinoma of the liver in 5 out of 6 bears who shared the same enclosure in the San Diego Zoo for long periods of their lives.
Peri8sodactyls
Horse.-The multiple tumours found by Gamgee (1856) in the pancreas of an aged mare may have been hyperplastic nodules. Adenocarcinoma has been reported three times in the horse. Martens (1887) described a colloid carcinoma in the head of the pancreas with obstruction of the common bile duct. This was the only pancreatic tumour in 213 tumours of horses reviewed by Eichler (1901 (1919) and Balozet and Chainet (1937) ; in both instances a pancreatic origin was inferred. Kronberger (1961) reviewed 1016 tumours from horses, from material examined at the Institute of Veterinary Pathology in Leipzig between 1917 and 1959. He found one sarcoma and one melanosarcoma but no epithelial tumours of the pancreas in this material.
Artiodactyl8
Oxen.-Multiple adenomas have been described several times in cattle but the distinction between nodular hyperplasia and true neoplastic tumours had not always been made clear (Lienaux, 1895; Messner, 1909; Schlegel, 19 1; Boyd, Fitch, Grinnells and Billings, 1919; Jackson, 1936) . The bovine nodular pancreas, unlike that of the dog, may be greatly enlarged as in the animal reported by Schlegel (1911) in which the pancreas was three times the normal size. The same author reported a weight range for the pancreas of 500-700 g. in 7 cows seen during a 15 year survey of tumours in cows (Schlegel, 1920) . Probably the tumour weighing 190 g. in a pancreas weighing 45 kg. reported by Kurtwig (1910) may have been alarge hyperplastic nodule. The adenoma described by Petisca (1947) was said to be in a ruminant, which may have been an ox.
Many surveys of tumours in domesticated and farm animals have been considered in the preparation of the present review but only 8 reports of adenocarcinoma in cattle have been found. Steiner and Bengston (1951) , among others, emphasized that food-producing animals are usually killed before reaching an age when carcinomas may be expected. Many calves, cattle and steers are under, near or slightly over the age of puberty and in good health at the time of slaughter.
Several cases of metastasizing and non-metastasizing tumours of the islets in cattle have been reported from Italy. The histological reports carry conviction; confusion with non-neoplastic changes seems unlikely. Some of the tumours were thought to be hypersecretory, based on non-specific nervous symptoms but in the absence of blood sugar readings, the matter remains unproved. Tokarnia (1961) reported spasmodic attacks of limb stiffening, eye rolliing and head retraction in a cow which was subsequently found to have a non-metastasizing islet cell tumour. The animal died before a blood sugar level could be measured but the author in reviewing accounts of experimentally produced hypoglyeaemia in cattle considered that the convulsive signs were compatible with hyperinsulinism. Other artiodactyls.-No pancreatic tumours have been reported in goats or pigs and only one adenocarcinoma in a sheep (Jackson, 1936 ). An adenocarcinoma in a camel was described by Ratcliffe (1964 Although it is true that all epithelial components of the pancreas arise from the same endodermal bud, and that acinar and islet cells can be formed postnatally from duct cells in response to various stimuli (Frantz, 1959) (Willis, 1960) . Metastasis to the pancreas from tumours arising elsewhere are rare. The possibility of tumours arising in an ectopic pancreas should not be forgotten. Cotchin (1956) Multiple tumours of endocrine glands, particularly of the pituitary, parathyroid and adrenal glands, are known to be associated with hypoglycaemia and islet cell adenomas in man (Frantz, 1959) . Howard and Nielsen (1965) found multiple endocrine tumours in two Boxer dogs with islet cell tumours. Berdjis (1960) has reported that multiple endocrine tumours occur in the rat and can be induced in greater numbers by whole or partial body irradiation. He considered that a pluriglandular syndrome involving mainly the pituitary, parathyroids and islets exists in rats, dogs and man but the number of instances that he quoted is small (Berdjis, 1963) . Baker and Tucker (1966, personal communication) have noticed an association between chromophobe adenomas of the pituitary, phaeochromocytomas and islet cell hyperplasia or adenomas in their colony of untreated, specific pathogen free (clean) rats. Gilbert and Gillman (1958) found a high incidence of endocrine tumours in different combinations in 1342 rats but felt that there was no evidence that neoplastic change in one gland influenced the occurrence of neoplasia in another. This latter possibility is of fundamental importance to the understanding of the pathogenesis of hormone-induced tumours.
This survey of reported cases of pancreatic tumours in mammals shows that patterns are beginning to emerge that need to be amplified by further observations. Firstly, more animals and more species need to be examined. This can be achieved by performing many more autopsies in zoos and among groups of animals killed as pests, or in the course of population control. Secondly, cases already being examined grossly, as in abattoirs and knackers' yards, should be adequately documented and suspicious lesions should be referred to a pathologist for microscopy. Thirdly, histological description of tumours should be as precise and tumour nomenclature as uniform as possible. When sampling has been improved in these ways, a useful tool for investigating certain attributes of neoplasia in mammals will have been developed. Reports of spontaneously occurring benign and malignant epithelial tumours of exocrine and islet origin in mammals have been arranged in four tables according to histological appearances. This review shows that adenocarcinoma is commoner in man, and perhaps in the dog, than in other mammalian species. However, adenocarcinoma of the pancreas has been described fairly often in several unrelated mammalian orders and should be regarded as a neoplasm which affects a wide range of animal species. A plea is made for better standards of description of pancreatic tumours and a larger and more comprehensive sample derived from animals at lresent available for study but often examined only cursorily.
